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(54) High-capacity secondary battery of jelly roll type 



(57) A spirally coiled electrode assembly has posi- 
tive and negative electrodes each including a web-like 
collector coated with an active material on opposite sur- 
faces thereof, and separators disposed between the 
positive and negative electrodes. A plurality of rectangu- 
lar leads extend from opposite sides of the web-like col- 
lectors in directions perpendicular to a direction in which 
the positive and negative electrodes and the separators 
are wound. Positive and negative terminals are con- 

FIG. 3 



nected to the rectangular leads extending from the 
respective opposite sides of the web-like collectors. The 
spirally coiled electrode assembly, the rectangular 
leads, and the positive and negative terminals are 
housed in a cylindrical casing whose opposite ends are 
closed by respective caps. The positive and negative 
terminals are fixed to the caps, respectively. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a secondary bat- 
tery of the jelly roll type for use as a high-capacity bat- 
tery as a power supply for an electric vehicle or the like. 

Description of the Related Art: 

Cylindrical secondary batteries, typically for use as 
a power supply for electric vehicles, have a spirally 
coiled electrode assembly comprising a web-like posi- 
tive electrode and a web-like negative electrode which 
are separated from each other by separators and 
wound in layers around a core, and a cylindrical case 
which accommodates the spirally coiled electrode 
assembly. The web-like positive electrode has a collec- 
tor whose starting end is connected to the core, which 
may be made of aluminum, for example, and serves as 
a positive terminal or an anode. The web-like negative 
electrode has a collector whose terminal end is con- 
nected to the cylindrical case, which may be made of 
stainless steel, for example, and serves as a negative 
terminal or a cathode. 

Since the starting and terminal ends of the collec- 
tors of the positive and negative electrodes are con- 
nected to the respective anode and cathode, electrons 
at ends of the positive and negative electrodes are 
required to travel long distances to the opposite ends, 
with the result that the cylindrical secondary batteries 
have a relatively large internal resistance. If the cylindri- 
cal secondary batteries are larger in size, then since the 
positive and negative electrodes are longer, the internal 
resistance of the cylindrical secondary batteries is 
greater. 

One solution would be to increase the cross-sec- 
tional area of each of the positive and negative elec- 
trodes for thereby reducing the internal resistance. 
However, the increased cross-sectional area of each of 
the positive and negative electrodes results in an 
increase in the thickness of each of the positive and 
negative electrodes. 

According to another solution, leads are attached to 
the collectors, which may be made of metal foil, of the 
positive and negative electrodes in respective opposite 
directions perpendicular to the direction in which the 
positive and negative electrodes are wound. However, 
inasmuch as the cylindrical secondary batteries for use 
as a power supply for electric vehicles are large in size 
and the spirally coiled electrode assembly is heavy and 
subject to vibration, the leads tend to be broken in use. 

When a cylindrical secondary battery which con- 
tains a nonaqueous electrolyte suffers a failure due to a 
short circuit between electrodes, for example, the non- 
aqueous electrolyte is evaporated into a gas due to the 
Joule heat which is generated by the short circuit. The 



generated gas is apt to escape axially, rather than spi- 
rally, along the positive and negative electrodes, 
because the spiral passage along the positive and neg- 
ative electrodes is long and poses a greater resistance 

5 to the flow of the gas. 

Small-size cylindrical secondary batteries rated at 1 
- 5 Ah have a relatively small number of leads and the 
leads have a relatively small cross-sectional area 
because currents flowing through the leads are rela- 

10 tively small. 

In larger cylindrical secondary batteries, however, a 
rated current flowing through the leads is greater and 
the Joule heat produced by the leads is proportional to 
the square of the current. Therefore, the number and 

15 cross-sectional area of leads which are used are 
required to be larger in a manner that is commensurate 
with the amount of produced Joule heat (which is pro- 
portional to the square of the current). 

If the leads are formed as an extension of foil collec- 

20 tors of the positive and negative electrodes, then the 
number of leads used in secondary batteries rated at 20 
Ah or more have to be increased because the foil collec- 
tors themselves are relatively thin, e.g., 10 to 40 ^im 
thin. 

25 Anode and cathode studs, or terminal studs, which 
are connected to the leads for transmitting the current 
are surrounded by the many leads, failing to provide 
outlets for a gas which may be generated in the second- 
ary battery. 

30 FIG. 1 of the accompanying drawings shows a typi- 
cal cylindrical secondary battery having a spirally coiled 
electrode assembly of web-like positive and negative 
electrodes which are separated from each other by sep- 
arators. If the illustrated cylindrical secondary battery is 

35 rate at 5 Ah or less for use as a power supply for an 
audio/visual electronic device, for example, then since 
the rated current is relatively small, the secondary bat- 
tery may be connected to external wires through a rela- 
tively small area of contact. Consequently, no 

40 mechanically rugged structure is necessary for coupling 
the secondary battery to the external wires. Instead, it 
has been customary to connect the external wires to the 
secondary battery with conductors in the form of 
springs, e.g., leaf or rolled springs, that are resiliency 

45 held in contact with the anode and cathode of the sec- 
ondary battery. Alternatively, tabs for connection to the 
external wires are spot-welded to the anode and cath- 
ode of the secondary battery, as shown in FIG. 2 of the 
accompanying drawings. 

so Conductors or bus bars for connection to second- 
ary batteries having a large storage capacity, for use as 
a power supply for electric vehicles, for example, have 
to be thick in order to carry large currents. Unless the 
areas of the conductors or bus bars which are held in 

55 contact with the terminals of the secondary batteries 
are sufficiently rigid and large, they tend to suffer a con- 
tact failure and generate heat at a region where the 
electric resistance is high. One widely used way of 
securely connecting the conductors or bus bars to the 
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secondary batteries has been to employ bolts to fasten 
the conductors or bus bars to the terminals of the sec- 
ondary batteries. 

However, when the bolts are tightened, care should 
be taken to protect seals of the secondary batteries 
from damage due to tightening torques applied. Fur- 
thermore, if the terminal studs are rotated in unison with 
the bolts, then a structural body in the secondary bat- 
tery is twisted, causing an internal short circuit. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a secondary battery which has a relatively small 
internal resistance while at the same time having rela- 
tively thin collectors of positive and negative electrodes. 

Another object of the present invention is to provide 
a secondary battery which has leads prevented from 
being broken even if the secondary battery is large in 
size. 

Still another object of the present invention is to 
provide a secondary battery which has means for 
quickly and smoothly guiding a gas generated in the 
secondary battery to an inlet of a gas release valve. 

Yet still another object of the present invention is to 
provide a secondary battery which prevents terminal 
studs from rotating in unison with bolts used to fasten 
conductors or bus bars, for thereby preventing leads 
from moving or being damaged when external wires are 
connected to the secondary battery, and also protecting 
seals of the secondary battery from damage. 

According to the present invention, there is pro- 
vided a cylindrical secondary battery comprising a spi- 
rally coiled electrode assembly having positive and 
negative electrodes each including a web-like collector 
coated with an active material on opposite surfaces 
thereof, and separators disposed between the positive 
and negative electrodes, a plurality of rectangular leads 
extending from opposite sides of the web^like collectors 
in directions perpendicular to a direction in which the 
positive and negative electrodes and the separators are 
wound, positive and negative terminals connected to 
the rectangular leads extending from the respective 
opposite sides of the web-like collectors, a cylindrical 
casing housing the spirally coiled electrode assembly, 
the rectangular leads, and the positive and negative ter- 
minals, and a pair of caps mounted on respective oppo- 
site ends of the cylindrical casing, the positive and 
negative terminals being fixed to the caps, respectively. 

According to the present invention, there is also 
provided a cylindrical secondary battery comprising a 
spirally coiled electrode assembly having positive and 
negative electrodes each including a web-like collector 
coated with an active material on opposite surfaces 
thereof, and separators disposed between the positive 
and negative electrodes, a plurality of leads extending 
from opposite sides of the web-like collectors in direc- 
tions perpendicular to a direction in which the positive 
and negative electrodes and the separators are wound, 



the rectangular leads having a loosened portion, posi- 
tive and negative terminals connected to the leads 
extending from the respective opposite sides of the 
web-like collectors, a cylindrical casing housing the spi- 

5 rally coiled electrode assembly, the leads, and the posi- 
tive and negative terminals, and a pair of caps mounted 
on respective opposite ends of the cylindrical casing, 
the positive and negative terminals being fixed to the 
caps, respectively. 

10 According to the present invention, there is further 
provided a cylindrical secondary battery comprising a 
spirally coiled electrode assembly having positive and 
negative electrodes each including a coated active 
material, separators disposed between the positive and 

is negative electrodes, and a core, the positive and nega- 
tive electrodes and the separators being wound around 
the core, a plurality of leads extending from uncoated 
areas of the positive and negative electrodes along full 
lengths thereof, positive and negative terminals having 

20 respective disks each having gas release holes, the 
leads being welded to outer circumferential surfaces of 
the disks substantially fully therealong, and insulating 
collars electrically insulating the core from the disks and 
having gas release holes contiguous to the gas release 

25 holes defined in the disks. 

According to the present invention, there is also 
provided a cylindrical secondary battery comprising a 
terminal having a disk and a stud projecting axially from 
the disk, the disk having an off-center hole defined 

30 therein, the stud having an externally threaded surface 
and an internally threaded central hole, a cap fastened 
between the disk and a nut which is threaded over the 
externally threaded surface, a bolt threaded into the 
internally threaded central hole for sandwiching a con- 

35 ductor between a head of the bolt and an end of the 
stud, a stopper pin having an end portion fixed to the 
cap and an opposite end portion fitted in the off-center 
hole in the disk, and an insulating collar fitted over the 
opposite end portion of the stopper pin for electrically 

40 insulating the cap from the disk. 

According to the present invention, there is further 
provided a cylindrical secondary battery comprising a 
spirally coiled electrode assembly having positive and 
negative electrodes each including a web-like collector 

4$ coated with an active material on opposite surfaces 
thereof, and separators disposed between the positive 
and negative electrodes, a plurality of leads extending 
from opposite sides of the web-like collectors in direc- 
tions perpendicular to a direction in which the positive 

so and negative electrodes and the separators are wound, 
positive and negative terminals connected to the leads 
extending from the respective opposite sides of the 
web-like collectors, a cylindrical casing housing the spi- 
rally coiled electrode assembly, the leads, and the posi- 

55 tive and negative terminals, a pair of caps mounted on 
respective opposite ends of the cylindrical casing, the 
positive and negative terminals being fixed to the caps, 
respectively, each of the positive and negative terminals 
having a disk and a stud projecting axially from the disk, 
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the disk having an off-center hole defined therein, the 
stud having an externally threaded surface and an inter- 
nally threaded central hole, each of the caps being fas- 
tened between the disk and a nut which is threaded over 
the externally threaded surface, a bolt threaded into the 
internally threaded central hole for sandwiching a con- 
ductor between a head of the bolt and an end of the 
stud, a stopper pin having an end portion fixed to each 
of the caps and an opposite end portion fitted in the off- 
center hole in the disk, and an insulating collar fitted 
over the opposite end portion of the stopper pin for elec- 
trically insulating the cap from the disk 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary perspective view of an inter- 
nal structure of a conventional cylindrical second- 
ary battery; 

FIG. 2 is an exploded perspective view of another 
conventional cylindrical secondary battery; 
FIG. 3 is a longitudinal cross-sectional view of a 
cylindrical secondary battery according to an 
embodiment of the present invention; 
FIG. 4 is an enlarged fragmentary cross-sectional 
view of the cylindrical secondary battery shown in 
FIG. 3; 

FIG. 5 is a fragmentary perspective view showing 
how positive and negative electrodes and separa- 
tors are wound around a core of the cylindrical sec- 
ondary battery shown in FIG. 3; 
FIGS. 6A and 6B are fragmentary plan view of the 
positive and negative electrodes of the cylindrical 
secondary battery shown in FIG. 3; 
FIG. 7 is a fragmentary cross-sectional view show- 
ing a process of connecting leads to a terminal disk; 
FIG. 8 is a fragmentary cross-sectional view show- 
ing another process of connecting leads to a termi- 
nal disk; 

FIGS. 9A and 9B are fragmentary cross-sectional 
views showing still another process of connecting 
leads to a terminal disk; 

FIGS. 10A and 10B are fragmentary cross-sec- 
tional views showing yet still another process of 
connecting leads to a terminal disk; 
FIG. 11 is an enlarged side elevational view of an 
end of the cylindrical secondary battery shown in 
FIG. 3; 

FIG. 12 is a longitudinal cross-sectional view of a 
cylindrical secondary battery according to another 
embodiment of the present invention; 
FIG. 13 is an enlarged fragmentary cross-sectional 
view of the cylindrical secondary battery shown in 
FIG. 12; 

FIG. 14 is an enlarged side elevational view of an 
end of the cylindrical secondary battery shown in 
FIG. 12; 

FIG. 1 5 is an enlarged exploded perspective view of 
an end of the cylindrical secondary battery shown 
in FIG. 12; 



FIG. 16 is a side elevational view of a spirally coiled 
electrode assembly of the cylindrical secondary 
battery shown in FIG. 12; 

FIG. 17 is a longitudinal cross-sectional view of a 
5 cylindrical secondary battery according to still 
another embodiment of the present invention; 
FIG. 18 is an enlarged fragmentary cross-sectional 
view of the cylindrical secondary battery shown in 
FIG. 17; and 

10 FIG. 19 is an enlarged exploded perspective view of 
an end of the cylindrical secondary battery shown 
in FIG. 17. 

DETAILED DESCRIPTION OF THE PREFERRED 
15 EMBODIMENTS 

Like or corresponding parts are denoted by like or 
corresponding reference characters throughout views. 

FIG. 3 shows a cylindrical secondary battery 
20 according to an embodiment of the present invention, 
which is embodied as a cylindrical lithium ion secondary 
battery that may also be referred to as a nonaqueous 
secondary battery of the jelly roll type. 

As shown in FIG. 3, the cylindrical secondary bat- 
25 tery comprises a cylindrical case 1 7 and a spirally coiled 
electrode assembly 35 housed in the cylindrical case 
17. As shown in FIGS. 4 and 5, the spirally coiled elec- 
trode assembly 35 comprises a web-like positive elec- 
trode 1 3 and a web-like negative electrode 1 4 which are 
30 separated from each other by separators 30 and wound 
in layers around a core 31 . 

The negative electrode 14 is manufactured as fol- 
lows: 

An active material of the negative electrode 14 is 
35 produced from a starting material of petroleum pitch. 1 0 
to 20 % of a functional group including oxygen is intro- 
duced into the petroleum pitch, i.e., the petroleum pitch 
is crosslinked by oxygen. Thereafter, the oxygen- 
crosslinked petroleum pitch is heated at 1000°C in an 
40 inactive gas flow, producing a carbon material whose 
properties are close to those of glassy carbon. The car- 
bon material is then crushed into a carbon material 
powder whose particles have an average diameter of 20 
jim. 

45 90 parts by weight of the carbon material powder 
and 10 parts by weight of a binder of polyvinylidene flu- 
oride (PVDF) are mixed with each other, and the result- 
ant mixture is dispersed in a solvent of N- 
methylpyrrolidone, producing a slurry-like active mate- 
so rial for the negative electrode 14. As shown in FIG. 6B, 
the slurry-like active material, denoted at 14b, is uni- 
formly coated on both surfaces of a negative electrode 
collector 14a which comprises a web-like copper foil 
having a thickness of 10 pm, producing a negative elec- 
55 trode blank having a thickness of 180 pm. The negative 
electrode blank is then cut into the negative electrode 
14, leaving an uncoated area on one side for use as 
leads. The negative electrode 14 thus manufactured 
has a width of 383 mm including a coated area having a 
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width of 348 mm and an uncoated area having a width 
of 35 mm, and a length of 6940 mm. 

The positive electrode 13 is manufactured as fol- 
lows: 

91 parts by weight of a powder of LiCo0 2 having an s 
average diameter of 1 5 jim, 6 parts by weight of an elec- 
tric conductor of graphite, and 3 parts by weight of a 
binder of polyvinylidene fluoride are mixed with each 
other, and the resultant mixture is dispersed in a solvent 
of N-methylpyrrolidone, producing a slurry-like active w 
material for the positive electrode 13. As shown in FIG. 
6A, the slurry-like active material, denoted at 13b, is uni- 
formly coated on both surfaces of a positive electrode 
collector 14a which comprises a web-like aluminum foil 
having a thickness of 20 \irr) t producing a positive elec- 15 
trode blank having a thickness of 150 urn. The positive 
electrode blank is then cut into the positive electrode 1 3, 
leaving an uncoated area on one side for use as leads. 
The positive electrode 13 thus manufactured has a 
width of 379 mm including a coated area having a width 20 
of 344 mm and an uncoated area having a width of 35 
mm, and a length of 7150 mm. 

After the active materials 13b, 14b have been 
coated on the positive and negative collectors 13a, 14a, 
respectively, the positive and negative electrodes 13,14 25 
should not be cut off transversely thereacross to prevent 
the coated active materials 13b, 14b from being failing 
off the positive and negative collectors 13a, 14a and 
hence prevent the occurrence of an internal short circuit 
which would otherwise be caused if the coated active 30 
materials 13b, 14b fell off. 

Then, uncoated areas of the positive and negative 
electrodes 13, 14 are cut fully along their entire length 
into rectangular teeth each having a width of 1 0 mm and 
a length of 30 mm and spaced at a pitch or interval of 1 5 ss 
mm. The teeth serve as rectangular leads 11 which 
extend transversely from one side of the positive and 
negative electrodes 13, 14. 

The rectangular leads 1 1 are required to be longer 
than the distances from corresponds sides of the posi- 40 
tive and negative electrodes 1 3, 1 4 to a positive terminal 
(anode) 20 and a negative terminal (cathode) 21 (see 
FIG. 3), respectively. The width of the rectangular leads 
1 1 is selected such that the entire cross-sectional area 
of the rectangular leads 1 1 will allow a maximum current 45 
to flow therethrough. The width of the rectangular leads 
1 1 should preferably be of 10 mm or smaller in view of 
their being bent. Each of the rectangular leads 1 1 has a 
proximal end having round corners each having a radius 
of curvature of 1 mm, for example, to make the rectan- 50 
gular leads 1 1 resistant to being torn off. 

As shown in FIG. 5, the positive electrode 13, a 
separator 30, the negative electrode 14, and another 
separator 30 are successively superposed in the order 
named, and wound around the core 31 , thereby produc- 55 
ing the spirally coiled electrode assembly 35. The rec- 
tangular leads 11 of the positive and negative 
electrodes 13, 14 are oriented axiaily opposite to each 
other such that the rectangular leads 11 of the positive 



«? * * • 

electrode 13 will be positioned at one end of the spirally 
coiled electrode assembly 35 and the rectangular leads 
1 1 of the negative electrode 14 will be positioned at the 
opposite end of the spirally coiled electrode assembly 
35. 

Each of the separators 30 comprises a sheet of pol- 
yethylene having a thickness of 38 *im and a size of 353 
x 7600 mm and perforated with minute holes. 

The core 31 comprises a hollow cylinder of pure 
aluminum having an outside diameter of 17 mm, an 
inside diameter of 14 mm, and a length of 354 mm, for 
example. 

The rectangular leads 11 which extend on both 
axial ends of the core 31 allow a current produced from 
the electrode collectors 13a, 13a to be well extracted 
from the secondary battery. The rectangular leads 1 1 
which are relatively slender are easily deformable to 
connection to the positive and negative terminals 20, 
21. 

As shown in FIG. 3, the positive and negative termi- 
nals 20, 21 comprise respective disks 20a, 21a and 
respective cylindrical studs 20b, 21b projecting axiaily 
outwardly from respective central portions of the disks 
20a, 21a. 

After the positive and negative electrodes 13, 14 
and the separators 30 have been wound around the 
core 31, the rectangular leads 11 are pressed at sub- 
stantially equal intervals against outer circumferential 
surfaces of the disks 20a, 2 1 a of the positive and nega- 
tive terminals 20, 21 by respective holders 33, as shown 
in FIG. 4. Though only the positive terminal 20 and the 
rectangular leads 1 1 pressed thereagainst by the holder 
33 are shown in FIG. 4, the rectangular leads 1 1 are 
pressed against the negative terminal 21 by the holder 
33 in the same manner as shown in FIG. 4. 

The positive terminal 20 is made of pure aluminum 
(A1050), and the negative terminal 21 is made of pure 
copper (C1 100). The holder 33 on the positive terminal 
20 is made of pure aluminum (A1050), and the holder 
33 on the negative terminal 21 is made of pure copper 
(C1100). 

After the rectangular leads 1 1 have been pressed 
against the outer circumferential surfaces of the disks 
20a, 21a of the positive and negative terminals 20, 21 
by the respective holders 33, the outer ends of the rec- 
tangular leads 1 1 are cut off along outer end surfaces of 
the disks 20a, 21b. Thereafter, as shown in FIG. 7, a 
laser beam which is emitted toward the outer surfaces 
of the disks 20a, 21a is applied to the ends of the rec- 
tangular leads 1 1 which are pressed against the outer 
circumferential surfaces of the disks 20a, 21a by the 
holders 33, thereby welding the rectangular leads 11 to 
the outer circumferential surfaces of the disks 20a, 21a. 

Since the rectangular leads 1 1 extending from the 
electrode collectors 13a, 13a are joined to the positive 
and negative terminals 20, 12 by welding through a 
wide area over the outer circumferential surfaces of the 
disks 20a, 21a, the internal resistance across the junc- 
tion between the rectangular leads 11 and the positive 
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and negative terminals 20, 12 is small and does not suf- 
fer variations among different secondary batteries. 
Because the rectangular leads 11 and the positive and 
negative terminals 20, 12 are joined to each other 
through a wide area, the secondary battery has an 
excellent capability to discharge large currents. 

The rectangular leads 1 1 are positioned at uniform 
intervals around the disks 20a, 21a of the positive and 
negative terminals 20, 21. Therefore, the distance from 
the positive and negative electrode collectors 13a, 14a 
to the positive and negative terminals 20, 21 is relatively 
small, resulting in a relatively small internal resistance. 
Therefore, even if the secondary battery is of a relatively 
large size and hence a relatively large storage capacity, 
the positive and negative electrode collectors 13a, 14a 
are not required to be relatively large in thickness. As a 
result, the positive and negative electrode collectors 
13a, 14a may be relatively small in size. 

The rectangular leads 11 may be ultrasonically 
welded to the outer circumferential surfaces of the disks 
20a, 21a. Specifically, as shown in FIG. 8, the rectangu- 
lar leads 1 1 are positioned at substantially equal inter- 
vals against the outer circumferential surfaces of the 
disks 20a, 21a, and then a disk-shaped horn 36 of an 
ultrasonic welding machine is held against the ends of 
the rectangular leads 1 1 on the outer circumferential 
surfaces of the disks 20a, 21a and energized to ultra- 
sonically weld the rectangular leads 1 1 to the outer cir- 
cumferential surfaces of the disks 20a, 21a. 

The rectangular leads 1 1 are pressed against the 
disks 20, 21 such that the portions thereof which extend 
between the positive and negative electrodes 13, 14 
and the disks 20, 21 are slackened or loosened in a gap 
A (see FIG. 4) between the positive and negative elec- 
trodes 13, 14 and the disks 20,21. 

To provide the slack or loosened portion in the rec- 
tangular leads 11 in the gap A, a jig 40 (see FIG. 9A) 
may be pressed radially inwardly against the rectangu- 
lar leads 11. Thereafter, the rectangular leads 11 may 
be welded to the outer circumferential surfaces of the 
disks 20a, 21a, as shown in FIG. 9B. 

Alternatively, the rectangular leads 11, which are 
relatively long, may first be welded to the outer circum- 
ferential surfaces of the disks 20a, 21a, as shown in 
FIG. 10A, and then the rectangular leads 11 may be 
slackened or loosened radially inwardly by a jig 40 
which is pressed against the rectangular leads 11, as 
shown in FIG. 10B. 

As shown in FIGS. 3 and 4, the spirally coiled elec- 
trode assembly 35 thus welded, the positive terminal 
20, and the negative terminal 21 are assembled 
together with backup rings 51, seals 8, ceramic abut- 
ments 6, caps 1, rings 50, and ceramic washers 5, 
which are thereafter fastened together by nuts 7 
threaded over the studs 20b, 21b. 

Thereafter, the spirally coiled electrode assembly 
35 with the above various components assembled is 
covered with one to three layers of an insulating sheet of 
polyimide wound therearound. After the insulating sheet 



of polyimide is kept in position by an adhesive tape, the 
entire assembly is placed into the cylindrical casing 1 7. 

At this time, as shown in FIG. 4, the cap 1 is 
pressed into an end of the cylindrical casing 17, and 

s welded thereby by a laser beam. Specifically, the laser 
beam emitted toward an outer surface of the cap 1 
pressed in the cylindrical casing 17 is applied to the 
outer edge of the cap 1 to weld and seal the cap 1 . 
Since the cap 1 is welded to the cylindrical casing 

10 1 7 by a laser beam, the completed secondary battery is 
of a fully sealed structure. 

The cylindrical casing 17 is made of stainless steel 
(SUS304) and has a wall thickness ranging from 0.3 to 
0.5 mm. The cap 1 is also made of stainless steel 

15 (SUS304) and has a thickness of 3 mm. 

As shown in FIGS. 3 and 4, the cylindrical studs 
20b, 21b have their outer surfaces 15 externally 
threaded at M1 4. When the nuts 7 are threaded over the 
externally threaded outer surfaces 15, the caps 1 are 

20 clamped between the ceramic washers 5 and ceramic 
abutments 6, securing the positive and negative termi- 
nals 20, 21 to the caps 1 . The seals 8, which are made 
of fluorine plastic, are sandwiched between the disks 
20a, 21a and the caps 1 to prevent the nonaqueous 

25 electrolyte from leaking out of the cylindrical casing 1 7. 
The cylindrical studs 20b, 21b have respective cen- 
tral axial holes defined therein which have inner sur- 
faces 16 internally threaded at M6. The internally 
threaded inner surfaces 16 are used to connect the sec- 

30 ondary battery to external wires. Specifically, bolts 19 
are threaded into the internally threaded inner surfaces 
16 to sandwich bus bars or conductors between the 
outer ends of the cylindrical studs 20b, 21b and the 
heads of the bolts 19. 

35 "me core 3 1 and the positive and negative terminals 
20, 21 are electrically insulated from each other by insu- 
lating collars 12 of polypropylene (PP). 

As shown in FIGS. 4 and 1 1 , each of the ceramic 
washers 5 comprises a circular plate having a circular 

40 hole defined centrally therein, and is gripped between 
the nut 7 and the cap 1 . The ceramic washers 5 are 
made of alumina (Al 2 0 3 ). Because the ceramic washers 
5 are made of alumina, they serve to electrically insulate 
the positive and negative terminals 20, 21 from the caps 

45 1. 

Inasmuch as the positive and negative terminals 
20, 21 are fastened to the respective caps 1 by the tight- 
ened nuts 7, the ceramic waters 5 are required to be 
rigid enough to withstand the tightening forces, i.e., 

so compressive forces, from the nuts 7. The ceramic wash- 
ers 5 of alumina are capable of sufficiently withstanding 
the compressive forces from the nuts 7. The ceramic 
washers 5 of alumina can maintain the strong tightening 
forces as their shape remains unchanged over a long 

55 period of time after they are tightened. The ceramic 
washers 5 of alumina can also maintain the strong tight- 
ening forces in a wide range of temperatures because 
their rigidity does not change regardless of ambient 
temperature changes. Since the ceramic washers 5 of 
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alumina are of very high rigidity, they can be strongly 
tightened by the nuts 7. As a result, the nuts 7 can be 
tightened with high tightening forces, will not be loos- 
ened by vibrations with time even when the secondary 
battery is used on an electric vehicle, and hence provide 
a sufficient sealing capability to prevent the nonaqueous 
electrolyte from leaking out of the secondary battery. 

The rings 50 are positioned axially between the 
ceramic washers 5 and the ceramic abutments 6 and 
radially between the caps 1 and the studs 20b, 21b. The 
rings 50 have a rectangular cross-sectional shape and 
are made of a polymeric material such as polypropylene 
or the like. When the positive and negative terminals 20, 
21 are fixed to the caps 1 by the nuts 7, the rings 50 
serve to hold the central axis of the positive and nega- 
tive terminals 20, 21 in alignment with the longitudinal 
axis of the secondary battery. 

The ceramic abutments 6 are sandwiched between 
the inner surfaces of the caps 1 and the disks 20a, 21a. 
As with the ceramic washers 5, each of the ceramic 
abutments 6 comprises a circular plate having a circular 
hole defined centrally therein, and is made of alumina 
(Al 2 0 3 ). The ceramic abutments 6 serve to electrically 
insulate the positive and negative terminals 20, 21 from 
the caps 1 . The ceramic abutments 6 are capable of suf- 
ficiently withstanding compressive forces from the nuts 
7, and can maintain strong tightening forces as their 
shape remains unchanged over a long period of time 
after they are tightened. The ceramic abutments 6 of 
alumina can also maintain the strong tightening forces 
in a wide range of temperatures because their rigidity 
does not change regardless of ambient temperature 
changes. Since the ceramic abutments 6 of alumina are 
of very high rigidity, they can be strongly tightened by 
the nuts 7. As a result, the nuts 7 can be tightened with 
high tightening forces, will not be loosened by vibrations 
with time even when the secondary battery is used on 
an electric vehicle, and hence provide a sufficient seal- 
ing capability to prevent the nonaqueous electrolyte 
from leaking out of the secondary battery. 

The ceramic abutments 6 have their outer circum- 
ferential dimensions selected such that the seals 8 will 
not be elastically deformed beyond a certain extent. 
Therefore, the seals 8 are prevented from being unduly 
elastically deformed, and hence allowed to exert high 
repulsive forces in the axial directions of the positive 
and negative terminals 20, 21. As a consequence, the 
ceramic abutments 6 permit the seals 8 to have a suffi- 
cient sealing capability. 

The backup rings 51 , which are made of polypropyl- 
ene, are mounted on the disks 20a, 21a, respectively, 
radially outwardly of the seals 8 in contact therewith. 
The backup rings 51 prevent the seals 8 from being 
unduly deformed when the seals 8 are contacted and 
swollen by the nonaqueous electrolyte contained in the 
cylindrical casing 17. Therefore, the backup rings 51 
also prevent the seals 8 from reducing their repulsive 
forces in the axial directions of the positive and negative 
terminals 20, 21. 



As shown in FIGS. 3, 4, and 1 1 , gas release valves 
9 are mounted on the respective caps 1 at an off-center 
position thereon. Specifically, the gas release valves 9 
are threaded into off-center holes defined in the respec- 

5 tive caps 1 . The gas release valves 9 serve to release a 
gas out of the cylindrical casing 17 when a pressure 
buildup in the cylindrical casing 17 exceeds a predeter- 
mined pressure level. 

Each of the gas release valves 9 comprises a valve 

w body which is normally urged by a spring in a direction 
to closet he off-center hole in the cap 1 for sealing the 
interior space in the cylindrical casing 17. If the pres- 
sure of a gas in the cylindrical casing 17 increases 
beyond the predetermined pressure level for some rea- 
rs son, the valve bodies of the gas release valves 9 are 
displaced outwardly under the pressure buildup against 
the bias of the springs, thereby opening the off-center 
holes. Therefore, the gas in the cylindrical casing 17 is 
discharged through the off-center holes and holes 

20 defined in side walls of the gas release valves 9 out of 
the cylindrical casing 1 7. Consequently, the gas release 
valves 9 prevent the pressure of the gas from increasing 
beyond the predetermined pressure level within the 
cylindrical casing 17. 

25 The caps 1 have respective electrolyte inlet ports 
32 defined in off-center positions thereon which is dia- 
metrically opposite to the gas release valve 9. After the 
secondary battery has been assembled, a nonaqueous 
electrolyte is introduced through the electrolyte inlet 

30 ports 32 into the cylindrical casing 17. After the non- 
aqueous electrolyte has been introduced, the electro- 
lyte inlet ports 32 are closed off by respective blind 
plugs 4 that are threaded into the electrolyte inlet ports 
32, thereby sealing the cylindrical casing 17. Metal 

35 seals 2 are disposed around the respective blind plugs 
4 between the heads of the blind plugs 4 and the outer 
surfaces of the caps 1 . Each of the metal seals 2 has a 
rectangular cross-sectional shape, and is made of pure 
aluminum. The caps 1 and the heads of the blind plugs 

40 4 which are held in contact with the metal seals 2 are 
made of stainless steel (SUS304). 

It has been confirmed that when stainless steel and 
pure aluminum are held in contact with each other and 
also with a nonaqueous electrolyte of a lithium ion sec- 

45 ondary battery, the pure aluminum is corroded. 

The metal seals 2 of pure aluminum are capable of 
blocking gases and water more effectively against pas- 
sage therethrough and also of making the service life of 
the secondary battery longer than other seals of rubber 

so or a polymeric material. Since pure aluminum is more 
durable than rubber or a polymeric material, the metal 
seals 2 can be used for a longer period of time, possibly 
semipermanently, than other seals of rubber or a poly- 
meric material. Accordingly, it is not necessary to 

55 replace the metal seals 2 while the secondary battery is 
in usage. 

Metal seals 3 which are used with the gas release 
valves 9 may also be made of pure aluminum. 

A process of introducing a nonaqueous electrolyte 
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into the cylindrical casing 17 will be described below. 

The nonaqueous electrolyte to be introduced into 
the cylindrical casing 17 comprises a mixed solvent of 
propylene carbonate and diethyl carbonate and LiPF 6 
dissolved in the mixed solvent at a ratio of 1 mol/l. s 

An attachment for introducing a nonaqueous elec- 
trolyte is threaded into one of the electrolyte inlet ports 
32. The attachment is connected to an electrolyte tank 
through a pipe. A space above the level of the nonaque- 
ous electrolyte contained in the electrolyte tank is con- 
nected through a directional control valve to a vacuum 
pump, which is also connected to the cylindrical casing 
17. 

When the vacuum pump is operated, the cylindrical 
casing 17 is evacuated to develop a negative pressure 
therein compared with the atmospheric pressure. Then, 
the directional control valve is operated to vent the 
space above the level of the nonaqueous electrolyte in 
the electrolyte tank to the atmosphere. Since the pres- 
sure in the electrolyte tank becomes higher than the 
pressure in the cylindrical casing 17, the nonaqueous 
electrolyte in the electrolyte tank is forced through the 
pipe and the attachment into the cylindrical casing 1 7. 

The above cycle is repeated until the cylindrical 
casing 17 is filled up with the nonaqueous electrolyte 
from the electrolyte tank. 

After the cylindrical casing 17 has been filled up 
with the nonaqueous electrolyte, the blind plug 4 is 
threaded into the electrolyte inlet port 32 through the 
metal seal 2, thereby sealing the cylindrical casing 17. 

As shown in FIG. 1 1 , the cap 1 1 which is combined 
with the positive terminal 20 has a cross sign 18 indicat- 
ing that the stud 20b is connected to the positive termi- 
nal 20 or anode of the secondary battery. The cap 1 1 
which is combined with the negative terminal 21 may 
also have a bar sign (not shown) indicating that the stud 
21b is connected to the negative terminal 21 or cathode 
of the secondary battery 

FIGS. 12 through 16 show a cylindrical secondary 
battery according to another embodiment of the present 
invention. 

Those parts of the cylindrical secondary battery 
shown in FIGS. 12 through 16 which are identical to 
those of the cylindrical secondary battery shown in 
FIGS. 3 through 1 1 are denoted by identical reference 
characters, and will not be described in detail below. 

The cylindrical secondary battery shown in FIGS. 
1 2 through 1 6 differs from the cylindrical secondary bat- 
tery shown in FIGS. 3 through 1 1 in that each of the 
disks 20a, 20b has a circular pattern of gas release 
holes 23 defined therein and extending axially there- 
through. Each of the disks 20a, 20b has a diameter of 
54 mm and a thickness of 3.5 mm. Each of the gas 
release holes 23 has a diameter of 6 mm. The gas 
release holes 23 are positioned on a circle which is 44 
mm spaced from the center of the disks 20a, 21 a. In the 
illustrated embodiment, each of the disks 20a, 21a has 
eight gas release holes 23 angularly spaced at equal 
circumferential intervals (see FIG. 15). 



Each of the insulating collars 12, which are posi- 
tioned between the spirally coiled electrode assembly 
35 and the positive and negative terminals 20, 21, also 
has gas release holes 24 (see FIG. 15) aligned with the 
respective gas release holes 23 in the disks 20a, 21a for 
passing therethrough a gas which may be present 
between the insulating collars 12 and the spirally coiled 
electrode assembly 35. Each of the gas release holes 
24 has a diameter of 6 mm. The gas release holes 24 
are positioned on a circle which is 44 mm spaced from 
the center of the insulating collars 12. In the illustrated 
embodiment, each of the insulating collars 12 has eight 
gas release holes 24 angularly spaced at equal circum- 
ferential intervals (see FIG. 15). The release holes 23, 
24 are axially aligned with each other across contacting 
surfaces of the disks 20a, 21a and the insulating collars 
12. 

A gas which is generated in the cylindrical casing 
17 is discharged through the gas release holes 23, 24 
out of the cylindrical casing 17 as follows: 

If the secondary battery suffers a malfunction due 
to a short circuit in a region 26 (see FIG. 12) between 
the positive and negative electrodes 13, 14, then the 
nonaqueous electrolyte in the cylindrical casing 17 is 
evaporated into a gas due to the Joule heat which is 
generated by the short circuit. The generated gas is apt 
to escape axialiy, rather than spirally, along the positive 
and negative electrodes 13, 14 as indicated by the 
arrows in FIG. 12, because the spiral passage along the 
positive and negative electrodes 13, 14 is long and 
poses a greater resistance to the flow of the gas. 

The gas generated in the region 26 flows axially in 
the directions indicated by the arrows to the ends of the 
spirally coiled electrode assembly 35. 

There are 50 or more leads 11 welded to the outer 
circumferential surface of each of the disks 20a, 21a. 
Since the leads 1 1 are thin and flexible, they flex upon a 
pressure buildup due to the gas generated in the cylin- 
drical casing 17, and would otherwise prevent the gas 
from going radially outwardly between the leads 11 
around the outer edges of the disks 20a, 21a. 

In the illustrated embodiment, the leads 11 are 
grouped into radially aligned sets which are circumfer- 
entially spaced, and welded to the disks 20a, 21a, leav- 
ing radial gas release spaces 25, as shown in FIG. 16. 
To group the leads 1 1 into those radially aligned sets 
which are circumferentially spaced, the spadngs 
between the leads 1 1 have to be adjusted depending on 
the radiuses of the layers of the positive and negative 
electrodes 13, 14, and may not accurately be controlled 
due to possible thickness irregularities of the positive 
and negative electrodes 13, 14. 

In addition to the gas release spaces 25, the gas 
release holes 23, 24 defined in the disks 20a, 21a and 
the insulating collars 12 provide an effective gas flow 
passage for releasing the gas generated in the cylindri- 
cal casing 12. 

As shown in FIG. 12, the gas that has reached the 
ends of the spirally coiled electrode assembly 35 flows 
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into spaces defined between the spirally coiled elec- 
trode assembly 35 and the insulating collars 12. The 
gas then flows substantially uniformly through the gas 
release passages 24 in the insulating collars 12 and 
then through the gas release passages 23 in the disks 5 
20a, 21a. 

The gas discharged from the gas release passages 
23 then enters spaces defined between the disks 20a, 
21a and the caps 1. The spaces defined between the 
disks 20a, 21a and the caps 1 and spaces defined 
between the cylindrical casing 17 and the holders 33 
are contiguous to each other and jointly make up cylin- 
drical spaces. Therefore, the discharged gas can freely 
move in the cylindrical spaces. The gas flowing in the 
cylindrical spaces can thus reach inlets of the gas 
release valves 9 each mounted on one of the caps 1 . 

The gas that enters the gas release valves 9 open 
the valve bodies thereof under the pressure of the gas, 
and is released through the gas release valves 9 from 
the cylindrical casing 17. 

As shown in FIGS. 14 and 1 5, a stopper pin 41 fixed 
to each of the caps 1 is fitted in one of the gas release 
holes 23 defined in each of the disks 20a, 21a. The 
stopper 41 is made of stainless steel (SUS304). 

When the positive and negative terminals 20, 21 
are fastened to the cylindrical casing 17 by turning the 
nuts 7, if the positive and negative terminals 20, 21 were 
freely rotatable with respect to the caps 1 , then the pos- 
itive and negative terminals 20, 21 would be rotated in 
unison with the nuts 7 upon turning thereof. If the posi- 
tive and negative terminals 20, 21 were rotated, then 
the ceramic washers 5, the rings 50, the ceramic abut- 
ments 6, and the backup rings 51 would also be rotated. 

If the positive and negative terminals 20, 21 were 
rotated, then the seals 8 would be subjected to opposite 
frictional forces from the inner surfaces of the caps 1 
and the outer surfaces of the disks 20a, 21a. Therefore, 
the opposite contact surfaces of the seals 8 would be 
worn by those opposite frictional forces, and the seals 8 
would lose their original sealing capability. 

If the positive and negative terminals 20, 21 were 
rotated, then they would impose a load on the rectangu- 
lar leads 11, tending to twist the rectangular leads 11 
until the rectangular leads 1 1 would be damaged. 

When the bolts 19 are threaded into the internally 
threaded inner surfaces 16 and tightened to sandwich 
bus bars or conductors between the outer ends of the 
cylindrical studs 20b, 21b and the heads of the bolts 19, 
if the nuts 7 were not sufficiently tightened, then the 
positive and negative terminals 20, 21 would be rotated. 
Such rotation of the positive and negative terminals 20, 
21 would also cause the above problems. 

According to this embodiment, the stopper pin 41 
mounted on each of the caps 1 is fitted in one of the gas 
release holes 23 and a corresponding one of the gas 
release holes 24. 

The stopper pin 41 prevents the disks 20a, 21a 
from rotating when the positive and negative terminals 
20, 21 are subjected to a torque by the tightening of the 



nuts 7 or the bolts 19. Therefore, the positive and nega- 
tive terminals 20, 21 are not rotated when the nuts 7 or 
the bolts 19 are tightened. 

The positive and negative terminals 20, 21, the 
insulating collars 12, and associated components are 
assembled as follows. 

As shown in FIG. 15, a bump on the inner surface of 
each of the positive and negative terminals 20, 21 is fit- 
ted in a recess in the outer surface of the insulating col- 
lar 12, fixing the insulating collars 12 to the positive and 
negative terminals 20, 21. At this time, the gas release 
holes 23 in the disks 20a, 21a are held in axial align- 
ment with the respective gas release holes 24 in the 
insulating collars 12. Then, the backup ring 51 is fitted 
into an annular groove 26 defined in the outer surface of 
each of the positive and negative terminals 20, 21. 
Thereafter, the seal 8 is placed within the backup ring 
51 in contact with the outer surface of each of the disks 
20a, 21a. The ceramic abutment 6 is placed in the seal 
8 in contact with the outer surface of each of the disks 
20a, 21a. 

The stopper pin 21 is fitted in a hole defined in an 
off-center position in each of the caps 1 , and welded 
thereto. An insulating collar 22, which is made of poly- 
propylene, is then fitted over the stopper pin 21. 

The cap 1 is placed on the each of the disks 20a, 
21a with the backup ring 51 , the seal 8, and the ceramic 
abutment 6 mounted thereon. At the same time, the 
stopper pin 21 surrounded by the insulating collar 22 is 
fitted into one of the gas release holes 23 defined in 
each of the disks 20a, 21a. 

Then, the ring 50 is placed between the cap 1 and 
the externally threaded outer surface 15 of each of the 
studs 20b, 21b. The ceramic washer 5 is placed on the 
cap 1, and finally the nut 7 is threaded over the exter- 
nally threaded outer surface 1 5 of each of the studs 20b, 
21b. 

In the embodiment shown in FIGS. 12 through 16, 
the gas release holes 23, 24 can quickly and smoothly 
guide the gas produced in the spirally coiled electrode 
assembly 35 to the inlets of the gas release valves 9. 

Because the gas release holes 23, 24 are provided, 
the rectangular leads 1 1 are not required to be strictly 
grouped into radially aligned sets which are circumfer- 
entially spaced, but may rather be spaced at random. 
Accordingly, the positive and negative terminals 13, 14 
may be manufactured for greater productivity without 
strict dimensional control. 

Furthermore, the gas release holes 23 present in 
the disks 20a, 21a reduce the volume and hence weight 
of the positive and negative terminals 20, 21, resulting 
in a reduction in the overall weight of the secondary bat- 
tery. 

The gas release holes 23, 24 provide an additional 
passage for introducing the nonaqueous electrolyte into 
the cylindrical casing 1 7. 

FIGS. 17 through 19 show a cylindrical secondary 
battery according to still another embodiment of the 
present invention. 



15 



20 



25 



30 



35 



40 



45 



50 



9 



17 



EP0771040A2 • - • 18 



The cylindrical secondary battery shown in FIGS. 
1 7 through 19 differs from the cylindrical secondary bat- 
tery shown in FIGS. 3 through 11 in that a stopper pin 
41 is mounted on each of the caps 1 and fitted in a hole 
25 defined in each of the disks 20a, 21a for preventing 
the positive and negative terminals 20, 21 from rotating 
when the nuts 7 or the bolts 19 are turned. 

Specifically, as shown in FIG. 18, the stopper pin 41 
is of a stepped cylindrical shape having a smaller-diam- 
eter portion and a larger-diameter portion. The smaller- 
diameter portion of the stopper pin 41 is fitted in a hole 
43 defined in the cap 1 , and has its outer end 44 welded 
to an outer circumferential edge of the hole 43. 

An insulating collar 22 is fitted over the larger-diam- 
eter portion of the stopper pin 41 for electrically insulat- 
ing the cap 1 from the disks 20a, 21a. 

The stopper pin 41 is made of stainless steel 
(SUS304), and the insulating collar 22 is made of poly- 
propylene. 

The insulating collar 22 fitted over the larger-diam- 
eter portion of the stopper pin 41 is fitted in a hole 25 
which is defined in the disks 20a, 21a at an off-center 
position thereon. 

The stopper pin 41 prevents the disks 20a, 21a 
from rotating when the positive and negative terminals 
20, 21 are subjected to a torque by the tightening of the 
nuts 7 or the bolts 19. Therefore, the positive and nega- 
tive terminals 20, 21 are not rotated when the nuts 7 or 
the bolts 19 are tightened. 

The positive and negative terminals 20, 21, the 
insulating collars 12, and associated components 
shown in FIG. 19 are assembled substantially in the 
same manner as shown in FIG. 15. 

Having described a preferred embodiment of the 
invention with reference to the accompanying drawings, 
it is to be understood that the invention is not limited to 
that precise embodiment and that various changes and 
modifications could be effected by one skilled in the art 
without departing from the spirit or scope of the inven- 
tion as defined in the appended claims. 

Claims 

1 . A cylindrical secondary battery comprising: 

a spirally coiled electrode assembly having 
positive and negative electrodes each including 
a web-like collector coated with an active mate- 
rial on opposite surfaces thereof, and separa- 
tors disposed between said positive and 
negative electrodes; 

a plurality of rectangular leads extending from 
opposite sides of the web-like collectors in 
directions perpendicular to a direction in which 
the positive and negative electrodes and the 
separators are wound; 

positive and negative terminals connected to 
said rectangular leads extending from the 
respective opposite sides of the web-like col- 



lectors; 

a cylindrical casing housing said spirally coiled 
electrode assembly, said rectangular leads, 
and said positive and negative terminals; and 
5 a pair of caps mounted on respective opposite 

ends of said cylindrical casing, said positive 
and negative terminals being fixed to said 
caps, respectively. 

w 2. A cylindrical secondary battery according to claim 
1, further comprising a gas release valve mounted 
on at least one of said caps for discharging a pres- 
sure from said cylindrical casing when a pressure 
buildup in said cylindrical casing exceeds a prede- 

15 termined pressure level. 

3. A cylindrical secondary battery according to claim 
1 , wherein each of said positive and negative termi- 
nals has a disk, said rectangular leads being con- 

20 nected to said disk. 

4. A cylindrical secondary battery according to claim 
1, wherein said positive and negative terminals are 
connected to said rectangular leads by laser beam 

25 welding. 

5. A cylindrical secondary battery according to claim 
1, wherein said positive and negative terminals are 
connected to said rectangular leads by ultrasonic 

30 welding. 

6. A cylindrical secondary battery comprising: 

a spirally coiled electrode assembly having 

35 positive and negative electrodes each including 

a web-like collector coated with an active mate- 
rial on opposite surfaces thereof, and separa- 
tors disposed between said positive and 
negative electrodes; 

40 a plurality of leads extending from opposite 

sides of the web-like collectors in directions 
perpendicular to a direction in which the posi- 
tive and negative electrodes and the separa- 
tors are wound, said rectangular leads having a 

45 loosened portion; 

positive and negative terminals connected to 
said leads extending from the respective oppo- 
site sides of the web-like collectors; 
a cylindrical casing housing said spirally coiled 

so electrode assembly, said leads, and said posi- 

tive and negative terminals; and 
a pair of caps mounted on respective opposite 
ends of said cylindrical casing, said positive 
and negative terminals being fixed to said 

55 caps, respectively. 

7. A cylindrical secondary battery according to claim 
6, wherein said leads comprise a plurality of rectan- 
gular leads spaced at a predetermined interval. 
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8. A cylindrical secondary battery according to claim 
6, further comprising a gas release valve mounted 
on at least one of said caps for discharging a pres- 
sure from said cylindrical casing when a pressure 
buildup in said cylindrical casing exceeds a prede- 5 
termined pressure level. 

9. A cylindrical secondary battery comprising: 

a spirally coiled electrode assembly having 10 
positive and negative electrodes each including 
a coated active material, separators disposed 
between said positive and negative electrodes, 
and a core, said positive and negative elec- 
trodes and said separators being wound 15 
around said core; 

a plurality of leads extending from uncoated 
areas of said positive and negative electrodes 
along full lengths thereof; 

positive and negative terminals having respec- 20 
tive disks each having gas release holes, said 
leads being welded to outer circumferential 
surfaces of said disks substantially fully the- 
realong; and 

insulating collars electrically insulating said 2s 
core from said disks and having gas release 
holes contiguous to said gas release holes 
defined in said disks. 

10. A cylindrical secondary battery according to claim 30 
9, wherein said leads comprise rectangular leads. 

11. A cylindrical secondary battery according to claim 
9, wherein said gas release holes are defined in 
each of said disks around a central axis thereof at 3s 
equally angularly spaced intervals. 

12. A cylindrical secondary battery according to claim 
9, further comprising a gas release valve mounted 

on at least one of said caps for discharging a pres- 40 
sure from said cylindrical casing when a pressure 
buildup in said cylindrical casing exceeds a prede- 
termined pressure level. 

13. A cylindrical secondary battery according to claim 45 
9, wherein said leads have a predetermined loos- 
ened portion. 

14. A cylindrical secondary battery comprising: 

so 

a terminal having a disk and a stud projecting 
axially from said disk, said disk having an off- 
center hole defined therein, said stud having an 
externally threaded surface and an internally 
threaded central hole; 55 
a cap fastened between said disk and a nut 
which is threaded over said externally threaded 
surface; 

a bolt threaded into said internally threaded 



central hole for sandwiching a conductor 
between a head of the bolt and an end of said 
stud; 

a stopper pin having an end portion fixed to 
said cap and an opposite end portion fitted in 
said off-center hole in said disk; and 
an insulating collar fitted over said opposite 
end portion of said stopper pin for electrically 
insulating said cap from said disk. 

15. A cylindrical secondary battery comprising: 

a spirally coiled electrode assembly having 
positive and negative electrodes each including 
a web-like collector coated with an active mate- 
rial on opposite surfaces thereof, and separa- 
tors disposed between said positive and 
negative electrodes; 

a plurality of leads extending from opposite 
sides of the web-like collectors in directions 
perpendicular to a direction in which the posi- 
tive and negative electrodes and the separa- 
tors are wound; 

positive and negative terminals connected to 
said leads extending from the respective oppo- 
site sides of the web-like collectors; 
a cylindrical casing housing said spirally coiled 
electrode assembly, said leads, and said posi- 
tive and negative terminals; 
a pair of caps mounted on respective opposite 
ends of said cylindrical casing, said positive 
and negative terminals being fixed to said 
caps, respectively; 

each of said positive and negative terminals 
having a disk and a stud projecting axially from 
said disk, said disk having an off-center hole 
defined therein, said stud having an externally 
threaded surface and an internally threaded 
central hole; 

each of said caps being fastened between said 

disk and a nut which is threaded over said 

externally threaded surface; 

a bolt threaded into said internally threaded 

central hole for sandwiching a conductor 

between a head of the bolt and an end of said 

stud; 

a stopper pin having an end portion fixed to 
each of said caps and an opposite end portion 
fitted in said off-center hole in said disk; and 
an insulating collar fitted over said opposite 
end portion of said stopper pin for electrically 
insulating said cap from said disk. 

16. A cylindrical secondary battery according to claim 
15, wherein said leads comprise rectangular leads. 

17. A cylindrical secondary battery according to claim 
15, further comprising a gas release valve mounted 
on at least one of said caps for discharging a pres- 



11 



21 



EP 0 771 040 A2 



sure from said cylindrical casing when a pressure 
buildup in said cylindrical casing exceeds a prede- 
termined pressure level. 

18. A cylindrical secondary battery according to claim 5 
15. wherein said leads have a predetermined loos- 
ened portion. 
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